Recent sequencing of genome of northern white-cheeked gibbon (Nomascus leucogenys) has provided important insight into fast evolution of gibbons and signatures relevant to gibbon biology. It was revealed that mobile genetic elements (MGE) seems to play major role in gibbon evolution. Here we report that most of the gibbon genome is occupied by the MGEs such as ALUs, MIRs, LINE1, LINE 2, LINE 3, ERVL, ERV-class1, ERV-class II and other DNA elements which include hAT Charlie and TcMar tigger. We provide detailed description and genome wide distribution of all the MGEs present in gibbon genome.
Introduction
Nomascus leucogenys, commonly known as white-cheeked gibbon is a member of Hylobatidae family. The gibbons are especially adapted to a tree living lifestyle with a special form of locomotion called brachiation, or hand-over-hand swinging [1] . Gibbon genome was published in 2014 after sequencing of four hominids which includes human, orangutan, gorilla and chimpanzee. They are small arboreal apes closely related to humans and great apes. Comparisons between gibbon chromosomes and those of other primates revealed that gibbons present an extraordinary level of evolutionary chromosomal rearrangements [2] .
Mobile genetic elements (MGEs) account for a significant proportion of eukaryotic genomes and play an important role in altered gene expression and disease. It was shown in a comparative study of gibbons with other primates that genomic breakpoints are significantly depleted of genes and breakpoint intervals contained a mixture of repetitive sequences that inserted exclusively into the gibbon genome [2] . Authors also reported that the gibbon genome not only contain several classes of transposable elements as described previously in primate genomes but also contain a novel retrotransposons called as LAVA element [2, 3] .
LAVA element is a unique repetitive element that is exclusively present in gibbon genome and is composed of sequences similar to L1, Alu and VA section of SVA mobile elements as shown in figure 1.
Earlier studies have also reported that retrotransposons are the most abundant MGE in mammalian genomes which affects wide functional activities such as genome evolution, gene disruption and regulation [4, 5] . The L1 family of LINE elements and Alu elements of SINE are the major class of retroelements believed to impact primate genomes such as gorilla, chimpanzee, and gibbons [6, 7, 8] . These parasitic DNAs have played important roles in the 4 evolution of complex genomes and can also be regarded as the useful tools to study organization, structure and function of eukaryotic genomes. They are generally involved in gene inactivation, gene duplication, transduction and regulation [4, 9] . The recent sequencing of gibbon genome has offered an opportunity to study chromosome wise distribution of these elements.
Till date, very few studies, related to the detailed identification of the transposable elements and their insertion sequences in the gibbon genome have been carried out. The present work involves the identification and classification of different MGEs particularly Alu and LAVA and detailed study of their distribution throughout the genome of Nomascus leucogenys using Repeatmasker and ELAN pipeline. ELAN is an efficient computational genomic analysis tool which is responsible for analysing MGEs at different insertion sites whereas Repeatmasker is a program that screens DNA sequences for interspersed repeats [10] . The output of the Repeatmasker program provides detailed classification of the repeats like LTRs, Non-LTRs and other DNA elements. We have also used ELEFINDER (part of ELAN) to find MGEs such as Alu and LAVA in the gibbon genome and also screened the physicochemical properties of insertion sites using DNASCANNER. [11] .
Methods

Retrieving genome sequences
Repeatmasker for screening of DNA sequences
Repeatmasker is software that screens DNA sequences for low complexity sequences, repetitive/TEs including small RNA pseudogenes, Alus, LINEs, SINEs, and LTR.
Repeatmasker makes use of Repbase libraries which act as standard reference points for the identification of transposable elements in a query sequence. It uses statistically optimal scoring matrices derived from the alignments of DNA transposon fossils to their consensus sequences [10] . However; it does not locate all polymorphic simple repetitive sequences. We used RM-BLAST as search engine in Repeatmasker and tested various options combining speed/sensitivity parameters. Based upon its results, the average length, and the total length occupied by each element was also calculated for each chromosome.
Whole genome distribution analysis by ELEFINDER
It finds distribution, nature, orientation, genomic location, and site of truncations of mobile genetic elements [8, 12] . ELEFINDER not only identify repeats but also extracts flanking sequence at each MGE site. We used ELAN to find out the insertion sites of various MGEs in the gibbon genome. It is a Perl based system which uses chromosome number, genome file name, and element file name as an input. The results files are generated after performing BLASTN and use of parsers written in Perl. The output files comprise the list of MGEs categorized into full length (intact copies), 5′ truncated, 3′ truncated and both side truncated examples. It also provides upstream sequences for analysis by DNA SCANNER tool.
6
DNA SCANNER
The tool DNA SCANNER scans genomic DNA for a variety of properties which includes thermodynamic properties, physicochemical properties, interactions between protein and sequence based features like the AT density [8, 13, 14] . It is also responsible for analysing the insertion sites of the repeats that are known and the detects the presence of different signals. DNA sequence analysis method is basically limited to homology searches such as BLAST, finding the patterns in the sequence that are sequence based and the percentages of GC and AT. It offers another pathway for DNA sequence analysis and has wide pertinence in the analysis of DNA sequences which further allow the analysis of promoters, genic and intergenic regions, insertion sites of retroelements, intron-exon boundaries and clustering sequences based upon their properties [8] . The program evaluates number of properties for a
given DNA sequence in a sliding window to generate sequence based profiles as explained below.
A. Structural signals: DNA bendability
The ability of a DNA to deform its structural characteristics under a specific stimulus is known as DNA bendability. A tri-nucleotide model based on DNAse-I cutting frequencies predicts that DNAse I binds and cuts DNA that is bent towards major groove [13, 15] .
B. Thermodynamic signals: Stacking energy
The stability of both of a given DNA sequence and as well as protein interactions is indicated by the stacking energies which is also responsible for formation of local structures [13, 16] . 
E. Protein interaction signals
The DNA sequences during their interaction with other molecules carries signals specific for its ability to deform [8] . genome. Non-LTR transposons were the most abundant TEs in the gibbon genome. Several varieties of super families of LINEs and SINEs were discovered in the gibbon genome. We find that SINEs were present in the form of two super-families namely, ALUs and MIRs, whereas LINE consisted of LINE1, LINE2 and LINE3/CR1. Among the LINEs, the L1s covered the major proportion of the gibbon genome, whereas in the case of SINEs, the ALUs were found to be in majority.
Figures and Tables
LTR retrotransposons were the second most abundant TEs in the gibbon genome and the majority of these belong to a class of mammalian repeats derived from retrovirus like elements. They were categorized into 4 subgroups namely; ERVL, ERVL-MaLRs, ERVclass I and ERV class II. DNA transposons are rare in the gibbon genome, and are represented by only two super-families (hAT-Charlie and TcMar-Tigger).
The table 1 shows the distribution of the mobile genetic elements in the different chromosomes of the gibbon genome. The percentage of each chromosome region occupied by repetitive elements was also calculated (Table 1) . It was found out that ALUs were the most abundant transposable elements present in the gibbon whereas, LINE 1 was also one of the most frequently occurring MGE in the genome. Since there are large number of full length Alu copies in various genomes, this makes them suitable candidates for detailed analysis as representative SINEs.
Analysis of the LINEs and SINEs in gibbon genome
We performed detailed analysis of LINEs, SINEs and LTR elements for each chromosome using Perl scripts and results are summarised in Tables 2, 3 and 4. The total number of SINE elements were found to be 16, 07,203; LINE elements were 9, 31,127 in number and the total count of DNA elements were found to be 4, 12,435.
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Analysis of LAVA element in gibbon genome
For each chromosome, the analysis of the LAVA was performed (Figures 8-12 ). It was observed that the signals present in the upstream region were not distinct as observed previously [6, 18, 17, 11] . The insertion sites of LAVA also did not show any characteristic pattern in comparison with signals observed at insertion sites of Alus. The reasons could be attributed to absence of full length LAVA elements, absence of 5' intact copies or possibly distinct insertion mechanism in comparison to LINEs or SINEs.
Identification of transposable elements using ELAN
We present insertion sites of Alus in chromosome 24 as a representative case. Signals The peaks or troughs were obtained using DNA scanner which compute physiochemical properties using sliding window mechanism. Different physiochemical properties like DNA bendability, bending stiffness, protein interaction signals, and frequency of AT etc. were computed. The y axis in the profile represents value of the property and the x-axis gives the relative position with respect to the insertion site (See Figures 3-12 ).
Discussion
Recent sequencing of gibbon has contributed significantly in understanding evolution of human, chimpanzee and gorilla. The gibbon genome contains all previously described classes We have used Repeatmasker and ELAN to find different mobile genetic elements from gibbon genome. In ELAN, ELEFINDER and DNASCANNER were used for detailed analysis of insertions of Alu and LAVA elements in the genome and to scan the insertion sites of gibbon chromosomes for different physicochemical properties for protein interactions [8] . We observed that there is a significant difference in patterns or signals observed in insertion sites of Alus and LAVA elements. This suggests that LAVA element tend to insert in a mechanism which is distinct from the mechanism and property of LINEs and SINEs.
Previously, we have shown that signals observed in insertion sites of Alu elements are different when inserted in exonic region, intronic as well as intergenic regions [19] . The signals observed in intergenic regions are conserved across various Alu insertion sites in various primate genomes [13, 19, 20] . Previously, we conducted detailed analyses of genes in the research which included genes like APC, DMD and CYBB for Alu, L1 and SVA insertions that were reported to be responsive to TE insertion leading to disease. In our study, we found that the signals observed in most of the disease genes were atypical in nature like in DMD which is one of the largest genes known of 2.4 Mb in length. Also, it was seen that Carbone et al 2014 that the high level of chromosomal rearrangements in the gibbon genome may have been due to the premature transcription termination mechanism of the segregated genes of the chromosomes due to LAVA activities. Though this mechanism occurred at a very low level but still it was sufficient to increase the chromosome segregation errors [9] . Hence, it is interesting to observe that the possible genic targets sites of LAVA element presents atypical signals that are quite similar to the signals observed in human genes amenable for disease causing MGE insertions. . Importantly, these signals were conserved in genomes of the lower eukaryotes such as E. histolytica [20] .
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